Fever
Body temperature is normally maintained at 36.7 ± 0.2 °C.  Heat comes from metabolism.  
Tympanic and esophageal temperatures are closest to true blood temperature.


The hypothalamus controls the setpoint, and can cause body to generate heat by shivering 
skeletal muscle or by brown fat thermogenesis (babies only).
Heat loss occurs by convection, conduction, and radiation.  Heat loss is reduced by cutaneous 
vasoconstriction.  Emergency cooling is via sweating (up to 1.25 L per hour).
Coarse temperature control is simply controlled by behavior.  Anterior hypothalamus regulates 
skin blood flow, sweating, shivering.  Firing rate starts changing at ±0.2 °C.

During fever, body temperature is regulated just as well but the setpoint is higher.  Fever is a 
regulated response of the body.  When seeing fever, consider whether it is actually being 
caused by an inability to thermoregulate (occurs with neuropathy, cervical spinal cord 
transections, and anti-cholinergic drugs).
Fever is bad for us.  If food supply is marginal, the increased metabolism starts a malnutritive 
cycle, which promotes more infection.  On the other hand, fever stimulates the immune 
response.  A 1 °C rise amplifies the effect of   IL-1 on T cells by a factor of ten.  This 
causes activation of B cells, lymphocytes, and macrophages.

Two types of Heat Stroke:


1.  Type I – old people during heat waves, unable to cool themselves properly.


2.  Type II – young healthy people pushing too hard in hot conditions (football players).

Pyrogens
Endotoxin is a typical “exogenous pyrogen.”

Fever is typical of Gram+ and Gram- infections, viruses, and fungi, even though most of these 
don’t have endotoxin.  This is because we have endogenous pyrogens.  These include   
IL-1, TNF, and IL-6, all secreted by macrophages.  Macrophages secrete pyrogens in 
response to endotoxin, peptidoglycan, and fungal cell walls.
Endogenous pyrogens aren’t involved in normal thermoregulation.  Within two hours of 
exposure to stimulus, pyrogen secretion has already ceased.  Pyrogens act on 
hypothalamic nuclei to inhibit sensitivity of warm-sensitive neurons.  Aspirin blocks 
pyrogen synthesis so it is antipyretic.
All true fevers are caused by these endogenous pyrogens.

Occassionally, tumors (Hodgkin’s disease) secrete these pyrogens, causing paraneoplastic fever.
The Acute Phase Reaction
Once fever starts, other things happen.  Liver stops making albumin and upregulates synthesis of 
fibrinogen.  It also secretes C-reactive protein (CRP) and Serum Amyloid-A which are 
only present during infections.  C-reactive protein, which helps complement stick to 
foreign cells, is a good marker of infection.
Also, there are large drops in serum iron and zinc, and rises in PMNs.  These changes mediated 
by IL-1.
Pyrogens also act locally at the endothelium to mobilize phagocytic cells.
Sepsis

Sepsis is a non-specific host response to bacterial products in the bloodstream.  It is entirely host 
mediated – bacterial products have no primary enzymatic activity of their own that cause 
sepsis.  But these products stimulate secretion of inflam mediators.
Sepsis can occur from bacteria, viruses, or fungi.  Don’t even have to be in bloodstream, 
although this is most common scenario.
Sepsis is a syndrome of injury to small vessels.  Mediators cause vasodilation and leakage, which 
are beneficial locally but dangerous systemically.  Progressive accumulation of fluid in 
tissues causes severe hypotension, and organs fail from ischemia.

“Critical closing pressure” must be maintained to keep vessels open.  With septic hypotension, 
vessels away from main arteries drop below this pressure.  After that, it requires huge 
pressure to reopen these vessels.  In sepsis, the heterogeneity of blood supply in organs is 
worse than in MI or hemorrhagic shock.  Small vessels also get clogged by agglutinated 
platelets and PMNs.  Blood is shunted around organs, causing venous blood to become 
bright red and full of lactic acid.  Severely disordered microcirculation and systemic 
peripheral vascular resistance.
Clinical signs of sepsis:

Fever, hypotension, tachypnea, shock, evidence of organ dysfunction.  Mortality is 50%.

Organ dysfunction precedes hypotension.
Lungs fill with fluid and become stiff as pulmonary capillaries plug up, leading to tachypnea and 
respiratory alkalosis.  This is the adult respiratory distress syndrome (ARDS).
Cardiac output shoots up.

Brain becomes edematous.  

Delirium and pulmonary dysfunction are early signs of sepsis, whereas renal and hepatic 
function are lost due to hypotension and appear late.
The shock that occurs can also occur during algid malaria, viral infections, and anaphylaxis, but 
sudden onset fever and shock is usually bacterial sepsis.
In late shock the heart runs out of blood, becomes ischemic, and cardiac output begins to fall 
below normal.  The lungs at this point are full of fluid from capillary leakage.

Mediators of sepsis
Macrophage mediators such as IL-1, IL-6, TNF, and prostaglandins (from arachidonic acid).
Protein C is protective, but mechanism is unclear.  Possibly by reducing clotting.
